Introduction
Dental enamel and dentin comprise natural hydroxyapatite (HAP), including inorganic and organic compounds, define the quality and tolerance of these tissues. Enamel is the hardest tissue and differs significantly from dentin in organic and inorganic composition and structural organization. Enamel is composed of long and narrow crystals of carbonated hydroxyapatite, which are packed into parallel arrays. The organization of hydroxyapatite crystals during enamel formation regulates on the extracellular matrix proteins such as amelogenin,proteinases, enamelins, ameloblastins and amelotin [1, 2] . Despite the low abundance of these proteins, they play essential roles in controlling the nucleation, growth, and organization of hydroxyapatite crystals. Specifically, enamelin is phosphorylated enamel, specific glycoprotein, which may function as nucleation sites and substantially promote the apatite crystal growth [3] . Dentin is mainly composed of hydroxyapatite, an organic matrix rich in type I collagen and fluid which is similar to plasma. Due to its high organic and lower crystallinity, dentin is more porous and acid soluble tissue [4] .
The development of dental diseases is attributed to the interaction of enamel with the oral environment, saliva and microorganisms. Enamel due to its highly mineralized structure is prone to microbial attack and can be dissolved and solubilized by acidic agents. Microbial adhesion to tooth surfaces, specifically enamel salivary pellicle is a general prerequisite for initiation of plaque formation. Microbial multiplication is the dominant feature in the buildup of dental plaque [5] . Plaque is a biofilm of densely packed bacteria, which regulates the exchange of nutrients and products of metabolism and demineralization between saliva and tooth surface. The pattern of bacterial colonization is dependent on the surface structure and topographic features of the tooth [6, 7] . Among the factors that affect plaque mineralization and calculus formation, calcium plays an important role. Calcium is involved in the stabilization of the lipopolysaccharide (LPS) that constitutes the major component of the surface of gram-negative bacteria [8] .
Due to the early stage of tooth formation, tooth morphology is related to genetic factors. Individuals with hereditary disorders such as Down syndrome (DS) have remarkably small teeth. The antero-posterior shortened palate, microdontia of permanent dentition, while some primary teeth are larger, altered crown morphology and shape, taurodontism and hypodontia spacing, agenesis, hypoplasia and hypocalcification are some common dental characteristics associated with DS [9] [10] [11] . Many studies have described that hypoplasia of enamel results in a reduced amount of enamel matrix and a decreased opacity of enamel layer, in patients with Down syndrome [9] .
FT-IR spectroscopy has proven to be a fundamental and valuable technique in biology and medicine due to its high sensitivity to detecting changes in the functional groups belonging to tissue components such as lipids, proteins and nucleic acids [12] . It has been successfully applied in the study of various human tissues such as mineralized tissue, breast cancer, colon cancer, arteries, cartilage [13] [14] [15] [16] [17] .
In this work, we analyze the structural and chemical characteristics of enamel as well as the appearance of bacteria in extracted teeth from children with dental abnormalities. Fourier transform infrared (FT-IR) spectroscopy and Scanning Electron Microscopy (SEM) were used for the determination of the structural changes in teeth. Teeth of children with no adverse medical history were used as a control group. Supragingival calculus was taken from both groups and was analyzed by spectroscopic analysis in order to investigate the influence of disease on the presence of bacteria.
Materials and methods

Teeth preparation
Ten teeth extracted from children (6-14 years) with Down syndrome were used in this study. Five teeth of children with no adverse medical history and five teeth from adults were used as a control group (Scheme 1). Sheme 1. The extracted teeth were divided in four sections.
Infrared Spectroscopy -Anharmonicity of Biomolecules, Crosslinking of Biopolymers, Food Quality and Medical Applications All extractions were done for orthodontic or periodontal reasons. After extraction, the teeth were rinsed with distilled water to remove blood remnants. Each tooth was carefully split into two with a low speed diamond saw. The enamel was separated using a hand-guided dental saw. The milled teeth powdered for used for FT-IR analysis.
FT-IR spectra
The FT-IR spectra were obtained with a Nicolet 6700 Thermoscientific spectrometer, connected to an attenuated total reflection, ATR, accessory. For each region a series of spectra were recorded and every spectrum consisted of 120 co-added spectra at a resolution of 4 cm −1 and the OMNIC 7.1 software was used for data analysis. All the spectra for each patient and region were obtained in the same way.
Scanning Electron Microcopy -SEM
Analysis of teeth morphology was performed by Scanning Electron Microcopy-SEM using a Fei Co at an accelerating potential 25 kV. Qualitative elemental data analysis of the samples was determined by EDX (Energy-dispersive X-ray spectroscopy). In the region 4000-2500 cm -1 , enamel of DS patient showed a broad band at 3397 cm -1 , which is attributed to stretching vibration of hydroxyl group (vOH) of hydroxyapatite and crystalline water. In normal enamel, the absorption band at 3301 cm -1 shows a red shift compared to that of DS spectra, concerning that this band is assigned to hydroxyl group vOH-of hydroxyapatite. A second band was also determined at 3290 cm -1 due to the adsorption of the stretching vibration νNH group of Amide I. The band at 3070 cm -1 is assigned to the olefinic or aromatic stretching vibration of νCH group of aminoacids of collagenous proteins [18] [19] [20] . In the region 3000-2800 cm -1 , the bands of antisymmetric and symmetric stretching vibrations of methyl (vCH 3 ) and methylene (vCH 2 ) groups of enamelin and teeth proteins were indicated 12, 20 . In normal enamel the absorption band at 3301 cm -1 shows a red shift compared to that of DS spectra, concerning that this band is assigned to hydroxyl group vOH -of hydroxyapatite. A less intense band was observed in adult enamel improving the lower concentration of organic phase in accordance with literature data [13, 16, 21] .
Results and discussion
FT-IR spectroscopy
In the region 1800-400 cm -1 of the infrared spectra of enamel the observed absorption bands at 1651 cm -1 are dominated to Amide I group of proteins. In DS patients' spectra enamel indicated an intense band, which reveals that the mineralization of enamel has not been properly formed, recognized as an"imperfect osteogenesis" due to collagen defects [9] . Despite the fact that the level of collagen proteins is not rich, a low band was also indicated in the case of the control group, resulting that collagen is one of the basic components of enamel [1, 4] . The amide II absorption band was shown at 1544 cm -1 and had the highest absorbance in DS enamel. It is the second band of the peptide bond, and it arises mainly from the NH in-plane bending and the -CN stretching vibration [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The Amide II band in enamel confirms that its organic substrate consists of collagen proteins. The analysis of the spectra by Fourier self-deconvolution was used to enhance resolution in the region 1800-1500 cm -1 (Fig.2) . is indicative of α-helical structure, although part of the absorption at this frequency also corresponds to random coil structure at 1623 cm -1 and antiparallel β-sheet at 1687 cm -1 [3, 15] . The decreased intensity of the characteristic band of α-helix structures in combination with the increased of those of β-sheet and carboxyl group band suggested that the high concentration of calcium leads to conformational changes of enamelin.
The band at 1584 cm is related to the vibration of the tyrosine side chains [22] .
Due to the high absorption of amide bands, DS enamel is accompanied by a high content of organic matrix and decrease in mineralization which leads to deficient enamel formation (hypominerilization) [22] . On the contrary the deconvolution analysis of healthy enamel revealed three bands at lower frequencies 1637 cm , which matched the spectra pattern of Amide III (in plane N-H bending and C-N stretching vibrations) [23] . No relative band was observed for healthy enamel.
The phosphate ion, PO 4 3- , is the principal molecular species giving rise to the HA absorbance in the region 900-1200 cm -1 (Fig. 3) .
The bands at 1030 cm -1 in control enamel and 1014 cm -1 in DS enamel are assigned to the antisymmetric stretching mode of phosphate ions ν 3as PO 4 3-of hydroxyapatite group PO [16, 20, 24] . The band shift to lower wavenumbers is an indicator of the smaller crystals in Down syndrome patients. Furthermore, the shoulder band which is shown in the spectra of healthy enamel at 1085 cm -1 is attributed to antisymmetric stretching vibration of hydroxyapatite ν 3 group. This band in DS enamel spectra showed a red shift at 1099 cm -1 concerning less mature enamel, due to the molecular structure and development of mineral environment, the crystallinity and crystal size [25] . The shoulder bands at 966 cm The absorption band at about 874 cm -1 present at three samples is attributed to the stretching vibration of carbonate ions ν 2 CO 3 2-. These data lead to the result that calcium carbonates exists in type B and have replaced phosphate ions vPO 4 3- in hydroxyapatite [17] . The following bands, at 604 and 567 cm -1 in enamel are due to the bending vibration of phosphate ions ν 4 PO 4 3-(O-P-O) [13, 17] . The spectra data confirmed that enamel consists mainly from inorganic compounds due to the low intensity of the amide bands of proteins in the region 1650-1240 cm -1 .
To the contrary, DS enamel contains organic compounds, as it is shown from the presence of the amide bands of collagen proteins. In the primary teeth, the presence of carbonate ions of calcium is more intense in comparison with the older teeth as it was demonstrated by the bands at 1455 cm -1 and 874 cm -1 . Finally, DS hydroxyapatite crystals are smaller in size in comparison those of health enamel and the crystallization has changed from biological to amorphous or mineral hydroxyapatite [13, 24, 25] . 
SEM analysis
SEM-EDX has been widely used to evaluate the morphology and elemental content of dental enamel. Significant differences were revealed between SEM images in the control enamel and DS enamel. Surface SEM images of enamel are shown in figure 5 . The normal enamel indicated an ordered appearance with hydroxyapatite crystals forming rods and interrod enamel (Fig  4A &B) [28] . In contrast, DS enamel was disorganized, the crystals were irregularly orientated and difficult to distinguish (Fig. 4C) . At higher magnification, DS enamel has irregularly shaped porous and prismatic structure. There were also observed white mineralized zones in enamel surface due the transformation of hydroxyapatite from biological to mineral structure.
This was also confirmed from the FT-IR spectra due to the increase of Amide III and δCH 2 bands. Amorphous material that did not demonstrate any crystallite was observed in the DS teeth but not in any of the control teeth examined (Fig.4D) .
EDX analysis was used to determine the elemental components in enamel tissues. Apart from Ca and P which are the main components of hydroxyapatite, Na, Mg and Cl were also indicated in the analysis. Carbon and oxygen comes from the organic matrix and carbonate ions. The ratio of Ca/ P ranged from 1.91 to 2.04 in normal enamel and 1.77 to 1.96 in DS enamel. The lower concentration of Ca is due to the greater content of organic material in DS enamel [28] . The presence of Mg has been shown to be selectively acquired in the transitional stage. The selective uptake of magnesium reaches a maximum at the beginning of maturation due to association with enamel proteins. Crystal development includes a reduction in magnesium, carbonate and fluoride [22, 28] . DS enamel indicated high concentration of magnesium, which is related to high protein concentrations, resulting from insufficient mineralization. EDX analysis showed that the content of Mg varied from 0.4 to 0.55% in control enamel and 1.18 to 1.47% for DS enamel. Finally, DS enamel was altered both quantitatively and qualitatively, suggesting that protein dysfunction may result in enamel abnormalities in its structure and composition. SEM observations were made on supragingival calculus, which is a product of calcification of dental plaque. In DS teeth, attached calculus formed a homogenous surface with calcified deposits. The calculus crystals were packed together with minimum porosity (Fig.6) . In control teeth, supragingival calculus revealed a higher level of porosity with empty spaces due to the presence of microorganisms during the calcification process (Fig.6) . Rod-like microorganisms could be identified in the calcified surfaces [29] . The presence of microorganisms in control teeth was also confirmed by EDX analysis. Apart from the main constituents of plaque such as Ca, P, C, O, high concentration of sulphur in healthy patients was detected in contrast with Down syndrome patients. The presence of sulfur is characteristic feature of bacteria, which contain in their amino acids sulfur groups, leading to a diverse community of microorganisms found on the tooth surface of healthy patients [7, 30, 31] .
It is suggested that the alterations in the structure of enamel of patients with Down syndrome may influence the attachment of oral bacteria in order to colonize and form biofilm due to high calcium concentration [32] .
Conclusions
The investigation of enamel structure in children with Down Syndrome (DS) was carried out using Fourier Transform Infrared Spectroscopy (FT-IR) and Scanning Electron Microscopy (SEM) in combination with EDX. FT-IR spectroscopy allowed the analysis at the molecular level leading to the correlation of mineral content and organic matrix with enamel structure. High concentration of organic compounds was indicated in enamel from DS children teeth due to the lower degree of calcification. On the contrary, the low absorbance of amide bands in healthy children's enamel confirmed the lower composition of organic compounds. DS hydroxyapatite crystals were smaller in size to the health enamel crystals, while the molecular structure changed from biological to amorphous or mineral one, as it was demonstrated by SEM analysis. Supragingival calculus showed significant differences in morphology between the healthy and Down syndrome patients, as well as differences in elemental composition. In healthy patients, high concentration of sulphur was detected in contrast with Down syndrome patients. On the tooth surface of healthy patients, the presence of bacteria was detected. Further evaluation of dental samples from different groups of patients is required in order to identify the structural and composition variations of enamel and the mechanism of these abnormal features.
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